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Introduction

The square planar platinum(ll) system has been studied for
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recognition studies and the design of molecular switches and
probes’ together with our recent effortsas well as those of
other$ in the utilization of transition metal complexes containing
crown ether moieties for such work, has aroused our interest in
the exploration of the platinum(ll) system. To the best of our
knowledge, studies on the platinum(ll) crown system are’rare
and no ion-binding studies for this class of compounds have
been explored. Herein are reported the synthesis, ion-binding
properties, and X-ray crystal structure of a Pt(ll) terpyridyl
complex with the mercaptobenzo-15-crown-5 ligand.

Experimental Section

Reagents and Materials Dichloro(1,5-cyclooctadiene)platinum(ll)
and 2,2:6',2"'-terpyridine were obtained from Strem Chemicals Inc.
3,4-Dimethoxythiophenol was purchased from Lancaster Synthesis Ltd.
[Pt(trpy)CI]CI-2H,0 and 4-mercaptomonobenzo-15-crowftsvere
synthesized according to literature methods. All other reagents were
of analytical grade and were used as received.

decades because of its intriguing spectroscopic and photophysi-  gynthesis. A. [Pt(trpy)(S-benzo-15-crown-5)]PE 1. To a stirred

cal behaviok3 that is partly related to the propensity of
platinum(ll) to form weak metatmetal interactiond.In recent

solution of [Pt(trpy)CI]Ct2H,O (100 mg, 0.18 mmol) in deionized
water (40 mL) was added 2 mlf 6 M sodium hydroxide. The resultant

years, platinum(ll) polypyridyl complexes have been extensively solution was stirred at 40C for 30 min. 4-Mercaptomonobenzo-15-
investigated because of their interesting spectroscopic behav-crown-5 (60 mg, 0.20 mmol) was then added to the reaction mixture,

iorled.g.i-k2a.d i3 g5 well as their useful physical and biological

and the mixture was stirred for 12 h. Upon addition of tetrabutyl-

properties, such as antitumor activities and binding interaction ammonium hexafluorophosphate, a purple solid was obtained that was

with DNA* and proteir?. The recent revival of interest in crown

ethers and other related inclusion compounds in molecular
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B. [Pt(trpy)(SCsH4(OMe),-3,4)]PFs, 2. The procedure was similar _ a
to that for complex except 3,4-dimethoxythiophenol was used in place G = 2K ;K 11Cu
of 4'-mercaptomonobenzo-15-crown-5 to give purple crystal®.of
Yield: 69 mg (52%)H NMR (300 MHz, CxCN, 298 K, relative to . a2
Me,Si): 6 3.68 (d, 6H,J = 13.2 Hz,—OCH;), 6.67 (d, 1H,J = 8.8 [1,M™] = KoK
Hz, aromatic H on arenethiolate), 7.18 (m, 2H, aromatic H on 21 m
arenethiolate), 7.66 (m, 2H, terpyridyl H's), 8.29 (m, 6H, terpyridyl X, X 2%
H’s), 8.45 (t, 1H,J = 7.5 Hz, terpyridyl H), 8.96 (d, 2H]) = 5.8 Hz, X=—c, + ﬂ[l.MfH] + ﬂ[lz-MM] 2
terpyridyl H's). Positive ESI-MS:m/z 597 [M — PRj*. Anal. Calcd Cr Cr Cr
for CagH20N3O.SPtPR: C, 37.20; H, 2.70; N, 5.66. Found: C, 37.65;
H, 2.61; N, 5.67. wherec; is the concentration of complekin the unbound statey is

Physical Measurements and InstrumentationlUV/vis spectrawere  the total concentration of platinum complexes, which is equal to the
obtained on a Hewlett-Packard 8452A diode array spectrophotometer,initial concentration of complet (co), [1-M""] and [1-M"] are the
and steady-state excitation and emission spectra were obtained on &oncentrations of the 1:1 and 2:1 ion-bound adduct, respectively, and
Spex Fluorolog 111 spectrofluoromettii. NMR spectra were recorded ~ Ki1 @andKzi are the stability constants for 1:1 and 2:1 complexation.
on a Bruker DPX-300 FT-NMR spectrometer (300 MHz) in DI Crystal S_truc_ture Det_ermlnatlon. _Slngle crystals _01_ were ot_Jtalned
at 298 K, and chemical shifts are reported relative to$llePositive by vapor diffusion of diethyl ether into an acetonitrile solution of the
ESI mass spectra were recorded on a Finnigan LCQ mass spectrometeCOMPIex. . )
Elemental analyses of the new complexes were performed on a Car|087(2:2/95t?rlicﬁlr?itca sfp?;ié EEZE?E%S%P:—P&Q!{GE;FMEA— Vl"g'gg;(z)
i(r:k;zelnlqgﬁofIés(r:\i“lee:ézgénalyzer at the Institute of Chemistry, Chinese A, c= 16.948(4) Ao = 76.11(2), § — 75.43(2), y — 69.58(2, V

) ) o o = 1553(1) &, Z =2, D, = 1.866 g cm?3, u(Mo Ko) = 46.98 cnt?,

The electronic absorption spectral titration for binding constant F(000)= 856,T = 301 K. A purple crystal of dimensions 0.30 mm
determination was performed with a Hewlett-Packard 8452A diode array 5 07 mm x 0.05 mm mounted on a glass fiber was used for data
spectrophotometer at 2%, which was controlled by a Lauda RM6  ¢ojection at 28°C on a Rigaku AFC7R diffractometer with graphite
compact low-temperature thermostat. Supporting electrolyte (0.1 mol ,onochromatized Mo & radiation ¢ = 0.710 73 A) usingo—20 scans
dm™ "Bu,NPF) was added to maintain a constant ionic strength of \ith an w-scan angle of (0.73 0.35 tand)° at a scan speed of 8.0
the sample solution in order to prevent any changes arising from a geg mirr® (up to six scans for reflection with < 150(1)). Unit cell
change in the ionic strength of the medium. Binding constants for 1:1 dimensions were determined on the basis of the setting angles of 25

complexation were obtained by a nonlinear least-squar&sofitthe reflections in the 8 range of 21.8-25.9. Intensity data (in the range
absorbance X) vs the concentration of the metal ion addew)( of 20max = 50°: h = —11to 11:k = 0 to 12;] = —19 to 20; three
according to standard reflections measured after every 300 reflections showed decay
of 1.66%) were corrected for decay and for Lorentz and polarization
Xim — X effects, and empirical absorption corrections were based op-8tan
X=X+ —5 {co+oy +1Kg— of five strong reflections (minimum and maximum transmission factors
G of 0.747 and 1.000, respectively). A total of 5809 reflections were
[(co+cy + 1/KS)2 — 4COCM]1/2] (1) measured, of which 5474 were unique aRgl = 0.034. A total of

4387 reflections witH > 30(l) were considered observed and used in

where X, and X are the absorbances of compléxat a selected the structural analysis. The space group was determined on the basis

wavelength in the absence and presence of the metal cation, respectivel)f,’f a statistical analysis of intensity distribution, and the successful

o is the initial concentration of complek cy is the concentration of ~'efinement of the structure was solved by Patterson methods and
the metal cation NI, X, is the limiting value of absorbance in the expanded by Fo_urler methods (PATT¥and refmemer?t_ by fuII-mat_rlx
presence of excess metal ion, aglis the stability constant. least squares using the software package TeXsara Silicon Graphics

. - o ] ) Indy computer. One crystallographic asymmetric unit consists of one
For sysFems qulvmgl.M cqmplexanon in both 1:1 and .2'1 formula unit. The F atoms of the anion were disordered and were placed
complexation stoichiometry, the binding constants were determined by 4; 14 positions with F(1), F(L, F(2), F(2), F(3), F(4), F(5), F(6), F(7)

using eq 2 based on the following derivations. F(8), F(9), F(10), F(11), and F(12) having occupation numbers of 0.56,
0.44, 0.56, 0.44, 0.49, 0.32, 0.41, 0.41, 0.49, 0.43, 0.39, 0.29, 0.33,

[1-|\/|”+] and 0.44, respectively. In the least-squares refinement, all 39 non-H

K= C,Cy atoms of the complex cation and the P atom of the anion were refined

anisotropically, the 14 disordered F atoms were refined isotropically,
and 30 H atoms at calculated positions with thermal parameters equal
[12-M”+] to 1.3 times that of the attached C atoms were not refined. Convergence
Eaie— for 417 variable parameters by least-squares refinemeit with w
(1M, = AF20AF2), where o¥(F?) = [oXl) + (0.0282)7 for 4387
[ o)y o . o
reflections withl > 3o(l) was reached & = 0.034 and wR= 0.042
with a goodness of fit of 1.48. The quantit/p)max is equal to 0.04
except for the disordered F atoms. The final difference Fourier map
was featureless, with maximum positive and negative peaks of 0.95
and 1.80 e A3, respectively.

21

cr=¢ +[1:M™] + [1,:M™]

_[1-M™] L Ky [MT)?
Cr= K1Cy +[M™] + K1Cy Results and Discussion
Reaction of [Pt(trpy)CI|GRH,O and 4-mercaptomonobenzo-
a 15-crown-5 in water in the presence of sodium hydroxide at

[1-M™] =

2Ky,
2 (13) Beurskens, P. T.; Admiraal, G.; Beurskens, G.; Bosman, W. P.; Garcia-
- _1_ 2 Granda, S.; Gould, R. O.; Smits, J. M. M.; Smykalla,FATTY, The
a 1=Kyl + \/(l + KuaC)” F AKaiKy Gy Cr DIRDIF Program SystemTechnical Report of the Crystallography
Laboratory; University of Nijmegen: The Netherlands, 1992.
(14) TeXsan, Crystal Structure Analysis Packagéolecular Structure
(12) Bourson, J.; Pouget, J.; Valeur, B.Phys. Chem1993 97, 4552. Corporation: The Woodlands, TX, 1985 and 1992.




Notes

Figure 1. Perspective drawing of the complex cationlofith atomic
numbering. Thermal ellipsoids are shown at the 40% probability level.

Table 1. Selected Bond Distances (A) and Bond Angles (deg) for
Complex1

Pt(1)-N(1)  2.026(5)  N(L}Pt(1)-N(2) 80.5(2)
P(1-N(2)  1.969(5)  N(2}-Pt(1)-N(3) 80.8(2)
P(1)-N(3)  2.023(6)  N(1}-Pt(1)-N(3) 161.2(2)
Pt(1)-S(1) 2.313(2)  N(2rPt(1)-S(1) 178.1(2)
N(1)—Pt(1)-S(1) 98.3(2)
N(3)—Pt(1)-S(1) 100.4(2)
Pt(1)-S(1)-C(16)  109.4(2)

40 °C followed by metathesis reaction usifiBusNPF; and
subsequent recrystallization from MeC€Et,O afforded [Pt-
(trpy)(S-benzo-15-crown-5)]RF 1, as purple crystals. The
crown-free analogue [Pt(trpy)(S84 -(OMe)-3,4)|PFK, 2, was
also synthesized using similar methods. The identity of the
complexes have been confirmed by satisfactory elemental
analyses,'H HMR spectroscopy, and ESI-MS. The crystal
structure of [Pt(trpy)(S-benzo-15-crown-5)RE, has also been
determined.

X-ray Crystal Structure Determination. Figure 1 depicts
the perspective drawing of the complex catioriefith atomic
numbering. Selected bond distances and anglesifare
summarized in Table 1. The coordination geometry is essentially
square planar in which the distance of Pt to the inner N atom
of the terpyridine ligand is significantly shorter than those of
Pt to the other two outer N atoms. This is commonly observed
in typical platinum(ll) terpyridine complexé€.2-3¢The devia-
tions of the N(1}-Pt—N(2) and N(2)-Pt—N(3) bond angles
from the idealized 90and that of N(1)-Pt—N(3) from 180
are a result of the bite angles set by the terpyridine ligand, as
required by the steric demand of the terpyridyl group, typically
obtained in platinum(ll) terpyridyl systent&2.3¢ The bond
length of P+S is 2.313(2) A, and the-SPt—N(1), S-Pt—N(2),
and S-Pt=N(3) angles are 98.3(2)178.1(2}, and 100.4(2),
respectively. These are comparable to those found in other Pt(ll)
terpyridyl thiolate complexe¥®:42 An intermolecular Pt-Pt
distance of 4.3908 A suggested that there was no significant
intermolecular interaction between the two metal centers.

Electronic Absorption. The electronic absorption spectrum
of 1 in acetonitrile shows intense vibronic-structured absorption
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(LLCT) transition. A similar LLCT assignment has also been
suggested for a related [Pt(terpy)(NS)]GlComplex (NS=
pyridine-2-thiolatef¢ in which a higher energy band at 520
nm was observed. The lower absorption energy cdbmpared
with that of [Pt(terpy)(NS)]CIQis in line with an assignment

of a LLCT transition because the presence of an electron-
donating polyether ring on the thiolate ligand increases the
electron richness of the thiolate group and raises {{iB9)
orbital energy. Complex has been found to be nonemissive
both in fluid solution and in the solid state.

Cation Binding Studies.Upon addition of alkali or alkaline
earth metal ions to a solution @&fin acetonitrile (0.1 mol dm?
"BusNPFs), the LLCT absorption band shows a blue shift in
energy with well-defined isosbestic points. BVisible spectral
changes ofl (5.2 x 1074 mol dm~3) upon addition of sodium
perchlorate were observed (Figure S1 of Supporting Informa-
tion). Similar shifts were not observed in a control experiment
using the crown-free complex [Pt(trpy)(8€:-(OMe),-3,4)|PFs,

2, indicating that these shifts were ascribed to the binding of
the cations to the polyether cavity. For Na logKs of 4.01
(£0.02) was obtained according to eq 1. The close agreement
of the experimental data with the theoretical fit (Figure S1 inset
of Supporting Information) is supportive of a 1:1 stoichiometry.
This 1:1 binding mode has further been confirmed by the method
of continuous variatioA? as seen from a Job’s plot where a
mole fraction/(1 + Na") of close to 0.5 is observed (Figure
S2 of Supporting Information). The 1:1 stoichiometry and the
large binding constant obtained are in accordance with the well-
known binding mode of benzo-15-crown-5 for sodium ions with
its appropriate cavity siz¥.For K*, the lack of well-defined
isosbestic points in the UVvisible spectral change and the
absence of a satisfactory fit to eq 1 suggested that both
complexes with stoichiometries of 2:1:K*) and 1:1 were
formed. According to eq 2, lof11 and logK»; values of 3.30
(£0.04) and 2.93£0.04), respectively, were obtained. The close
resemblance of the experimental data to that of the theoretical
fit to eq 2 is supportive of such a binding model (Figure S3 of
Supporting Information). A similar 2:1 sandwich binding mode
has been commonly observed in other-genzo-15-crown-5)
systemsg%171n the case of BH, no isosbestic points occurred

in the UV-—visible spectral change at low concentrations.
However, as the concentration of Bavas further increased, a
well-defined isosbestic point appeared. Presumably, complex-
ation of a B&" ion to complexi was in a 1:2 ratio at low B

ion concentration but in a 1:1 ratio in the high Baion
concentration regime. Attempts to obtain the binding constants
were unsuccessful because no satisfactory fit to eq 2 could be
obtained. It is likely that the binding process might not be as
simple as we thought. As a result, only the stoichiometry of
1:1 complexation was considered and a kagof 2.84 (£0.08)

was roughly estimated by employing the data in the concentra-
tion range where the isosbestic point exists and fitting them to
eq 1.

at 300-350 nm, which is characteristic of the intraligand (IL)
transition of terpyridine ligands. Besides the IL transitions, a
low-energy broad absorption band at 572 nm is observed. The
occurrence of this band at such a low energy suggests that it is
unlikely metal-to-ligand charge transfer (MLCT) in character.
In view of the good electron-donating behavior of the thiolate
group and with reference to previous spectroscopic work on
platinum(ll) complexes containing diimine and aromatic thiolate
ligands32¢¢ the low-energy absorption is tentatively assigned
as the p(RS") — a*(trpy) ligand-to-ligand charge transfer

(15) (a) Jaffe, H. H.; Orchin, MTheory and Applications of Ultraolet
Spectroscopydohn Wiley: New York, 1962. (b) Rohwer, H.; Collier,
N.; Hosten, E.Anal. Chim. Actal995 314, 219. (c) Peyman, A,
Uhlmann, E.; Wagner, K.; Augustin, S.; Weiser, C.; Will, D. W.;
Breipohl, G.Angew. Chem., Int. EAL997, 36, 2809. (d) Reddy, A.
C. P.; Sudharshan, E.; Rao, A. G. A.; Lokesh, BLipids 1999 34,
1025.

(16) Izatt, R. M.; Pawlak, K.; Bradshaw, J. S.; Bruening, RChem. Re.
1991 91, 1721.

(17) (a) Mallinson, P. R.; Truter, M. Rl. Chem. Soc., Perkin Trans. 2
1972 1818. (b) Beer, P. DJ. Chem. Soc., Chem. Commu986
1678.
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ions, providing further supporting evidence for the binding of

17825 s 1783 1784 cations to the crown moieties. It is interesting to note that the
' stacked form ofl, {[Pt(trpy)(S-benzo-15-crown-3(PR;)} *, has
1784.5 1785 also been shown to be present in minute quantities in solution

at moderate to high concentrations, as evidenced by the

observation of the ion cluster a¥z 1599. The occurrence of

1781.5 1782 such stacked aggregates bfs not surprising in view of the
strong propensity of square planar metal polypyridine complexes

1786 to form both weak metaimetal bonding andr—x stacking

1785.5 interactions Attempts to determine the association constant

for the dimerization and oligomerization processes using-UV

1787 vis spectral studies were unsuccessful because no apparent

] deviation from Beer's law was observed in the low-energy

_ 1781 absorption band (in the range 18-1072 mol dn13), probably

ik as a result of its predominant LLCT character and the skall

b
P
(-3
o
-

value expected for monocationic species.
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